Background/Aims: Protein phosphatase 2A (PP2A) is a ubiquitous serine/threonine phosphatase that mediates cell cycle regulation and metabolism. Mounting evidence has indicated that PP2A inhibition exhibits considerable anticancer potency in multiple types of human cancers. However, the efficacy of PP2A inhibition remains unexplored in mucoepidermoid carcinoma (MEC), especially in locally advanced and metastatic cases with limited systemic treatment. In this study, we demonstrated the therapeutic potency of LB100 in mucoepidermoid carcinoma. Methods: In this study, the expression of PP2A was evaluated using immunohistochemical (IHC) staining. The effects associated with LB100 alone and in combination with cisplatin for the treatment of mucoepidermoid carcinoma were investigated both in vitro, regarding metabolism, proliferation, and migration, and in vivo in a mucoepidermoid carcinoma xenograft model. In addition, with LB100 treatment and in response to an insulin stimulus, the expression levels and phosphorylation levels of targets in the PI3K-AKT pathway were determined using western blot analysis and immunoblotting. Results: The expression of protein phosphatase 2A was significantly upregulated in the clinical specimens of high-grade MECs compared with those of low-/medium-grade MECs and normal controls. In this article, we report that a small molecule PP2A inhibitor, LB100, decreased
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Introduction
Mucoepidermoid carcinoma (MEC) is the most common malignant salivary gland tumor, accounting for approximately 30% of all malignant tumors in the salivary glands [1, 2] . Although most cases are low-/medium-grade lesions, 15.1% of cases are classified as highgrade lesions and are ineligible for systemic treatment, leading to a poor prognosis with a 5-year survival rate of 47.2% [3, 4] . Surgery is the mainstay for the treatment of high-grade MEC. However, disfiguration and dysfunction ensue as complications of extensive radical parotidectomy. Moreover, adjuvant treatment has thus far demonstrated limited success in the treatment of high-grade MEC. While postoperative radiotherapy is generally advocated, approximately one-third of patients can still develop distant metastases [5] . Owing to the modest response of high-grade MEC to conventional chemotherapy, there is a major unmet need to develop targeted therapies.
Protein phosphatase 2A (PP2A) is a highly conserved serine/threonine phosphatase and is involved in a variety of important cellular processes, including migration, cell cycle progression, metabolism and apoptosis [6] . PP2A is considered to be a tumor suppressor due to its dephosphorylation activity [7] . However, PP2A has also been shown to promote carcinogenesis and tumor progression in several malignancies [8, 9] . Moreover, targeting PP2A has recently gained considerable momentum as an anticancer therapy. In a profusion of preclinical studies, PP2A inhibition by okadaic acid and cantharidin has been shown to have significant anti-tumor efficacy in pancreatic cancer [10] , malignant testicular germ cell tumors [11] , and leukemia [12, 13] . However, okadaic acid and cantharidin are less likely to become mainstream treatment agents due to their severe toxic side effects [14] . LB100 is a novel small molecule inhibitor of PP2A and is currently being evaluated in phase I clinical trials, showing acceptable toxicity [15, 16] . Strikingly, LB100 has shown promising efficacy as a chemo-and radio-sensitizer in a number of solid tumors, including glioblastoma [17] , hepatocellular carcinoma [18] , head and neck squamous cell carcinoma [19] , osteosarcoma [20] , pancreatic cancer [21] , and medulloblastoma [22] . However, the effect of PP2A inhibition has not been explored in mucoepidermoid carcinoma (MEC), and none of the published literature to date has proposed to test the chemosensitizing effect of LB100 in immortalized cell lines stimulated with insulin.
PP2A inhibition has been reported to increase serine/threonine phosphorylation on insulin receptor substrate 1(IRS-1). In addition, phosphoserine residues in IRS-1 are involved in the negative regulation of the insulin signaling pathway and subsequent downstream tumorigenic signaling cascades, including the phosphatidylinositol 3-kinase/ AKT pathway [23] . It has been conclusively shown that the PI3K/AKT pathway regulates invasion, angiogenesis and metastasis in a series of cancer models [24, 25] . Therefore, we hypothesized that LB100 could sensitize treatment-refractory mucoepidermoid carcinoma to cisplatin by deactivating the IRS-1-mediated PI3K/AKT pathway.
In the present study, we performed experiments to explore the potential of LB100 in conjunction with cisplatin in the treatment of mucoepidermoid carcinoma. The effects of LB100 on insulin-stimulated IRS-1-mediated PI3K/AKT targets were measured to provide mechanistic information about MEC cells.
Immunohistochemical staining
After tissue sections were deparaffinized, rehydrated with a graded ethanol series, incubated with 0.1 mol/L sodium citrate (Sangon, Shanghai, China) for 20 minutes and blocked with 10% BSA (Sangon), the slides were incubated with anti-PP2A alpha+beta antibody (Abcam, Cambridge, UK at 4 °C overnight. After washing, the slides were labeled with an HRP-conjugated secondary antibody (Sangon) at room temperature for 1 hour. Positive staining was visualized with a DAB substrate solution (Sangon), and counterstaining was performed with hematoxylin. According to the ratio of positive-staining cells, 0-5% scored 0, 6-35% scored 1, 36-70% scored 2, and more than 70% scored 3, and according to the staining intensity, no staining was scored as 0, weak staining was 1, moderate staining was 2, and strong staining was 3. The final score was determined using the score for the percent of positive cells × the staining intensity score as follows: "-" for a score of 0-1; "+" for a score of 2-3; "+ +" for a score of 4-6; and "+ + +" for a score of > 6. Low expression was defined as a total score < 4, and high expression was defined as a total score ≥ 4. These scores were determined independently by two senior pathologists in a blinded manner.
Cells and reagents
The human mucoepidermoid carcinoma cell lines UM-HMC 1, UM-HMC 3A and UM-HMC 3B were kindly provided by Dr. Jacques E. Nӧr (University of Michigan). Each cell line was tested and authenticated in their lab [26] . Cells were cultured in Dulbecco's Modified Eagle's Medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (Invitrogen), 1% penicillin/streptomycin (Invitrogen), 20 ng/ ml epidermal growth factor (Sigma-Aldrich, St. Louis, MO, USA), 400 ng/ml hydrocortisone (Sigma-Aldrich), and 5 μg/ml insulin (Sigma-Aldrich). All cells were maintained in a humidified atmosphere of 5% CO 2 at 37 °C. The PPP2R2A expression vector HA-mPPP2R2A was established by inserting the Ppp2r2a cDNA (Han's lab, Xiamen University, China) into a linearized pCDNA4A-HA vector (HindIII and EcoR1). LB100 was provided by Lixte Biotechnology Holdings, Inc., dissolved in PBS to a stock concentration of 100 mM, and then stored at -80 °C. For the in vivo and in vitro experiments, solutions were diluted from the stock solution immediately before administration.
Cell viability assay
Cell viability was assessed with a CCK8 assay kit (Dojindo, Japan). Approximately 4×10 3 UM-HMC 1 cells or 6×10 3 UM-HMC 3A and UM-HMC 3B cells in 100 μl of medium were seeded into each well of 96-well plates. After culturing overnight, the cells were treated with various concentrations of LB100 and/or cisplatin. To assess the ability of LB100 to enhance the cytotoxicity of cisplatin, the cells were pretreated with LB100 for 3 hours before the administration of cisplatin. After a 48-hour treatment, the supernatant of each well was removed, and CCK8 solution was added to give a final concentration of 1 mg/ml before the cells were incubated for another 2 hours. Absorbance values were determined at 450 nanometers with an ELx800 spectrophotometer (BioTek, Winooski, VT, USA). All the CCK8 assays were performed in triplicate. PP2A activity assay PP2A enzyme activity was assessed using the Ser/Thr Phosphatase Assay Kit 1 (Millipore, Billerica, MA, USA) per the manufacturer's instructions. Briefly, UM-HMC1 cells were cultured in a six-well plate. When the cells were 80% confluent, the medium was removed, and new media containing either a titration of LB100, cisplatin (2 μg/ml), or LB100 (5 μM) plus cisplatin (2 μg/ml) were added. After four hours, the cells were washed with a 0.9% normal saline solution. Protein was extracted using a sonication protocol. Supernatants containing 100 μg of total cellular protein were assessed using the PP2A Phosphatase Assay Kit according to the manufacturer's protocol. Experiments were performed in triplicate, and the data are presented as the mean percentage of relative PP2A activity compared with the control ± SE.
Migration assay
Cells were seeded on the upper chamber of an 8-μm-pore transwell insert (Costar, Tewksbury, MA, USA) at 1×10 5 cells/insert in DMEM and subjected to serum deprivation overnight. Three hundred microliters of complete DMEM with LB100 and/or cisplatin was then added to the lower chamber and incubated for 24 hours. Nonmigratory cells on the upper surface of the membrane were removed, and the cells that migrated through the membrane were fixed with 3.7% buffered formalin solution and stained with 0.5% crystal violet. The membranes were mounted on a microscope slide, and photographs of random fields were obtained using a light microscope and an AxioCam digital camera (Zeiss, Oberkochen, Germany). Each experiment was performed in triplicate.
Cell cycle analysis
Approximately 1×10 6 cells were plated per well in 6-well plates and treated with the indicated concentration of LB100 and/or cisplatin for 12 hours. EdU solution (Invitrogen) was added to the cell medium at a final concentration of 10 μM for 1.5 hours using the Click-iT Plus EdU Alexa Fluor 647 Flow Cytometry Assay Kit (Invitrogen). After counterstaining with DAPI to assess the total DNA content per cell, the cells were analyzed by flow cytometry (LSRII, BD Biosciences, New Jersey, USA). The data analysis was performed using the FlowJo software (TreeStar).
Glycolytic and mitochondrial respiration rate measurements
A Seahorse XF96 instrument was used for the metabolic measurements. Cells were seeded at a density of 1×10 4 per well and incubated overnight. LB100 was then added to the medium, and the cells were incubated for 4 hours. The extracellular acidification rate (ECAR) and oxygen consumption rate (OCR) for each well were evaluated while the cells were subjected to the XF Cell Mito or the XF glycolytic stress test (Seahorse Bioscience).
Western blot analysis
Mucoepidermoid carcinoma cells were grown to 80% confluence in a 10-cm plate and were treated with a titration of LB100 as indicated. There were also two groups of cells cultured with/without insulin and treated with 10 μM LB100 and vehicle. After a 4-hour incubation, the cells were washed with ice-cold PBS and lysed in RIPA buffer (Thermo Scientific) supplemented with Complete Protease Inhibitor Cocktail tablets (Sigma-Aldrich) and sodium fluoride (Sigma-Aldrich), sodium orthovanadate (Sigma-Aldrich), sodium pyrophosphate (Sigma-Aldrich) and PMSF (Cell Signaling Technology, Danvers, MA, USA). Protein concentration was determined via a Bradford assay (BCATM, Pierce Biotechnology, Rockford, IL, USA). A total of 50 μg of cell lysate was separated on a NuPage 4-12% Bis-Tris gel (Invitrogen). Immune complexes were collected with LDS Sample Buffer (Invitrogen) and separated on a NuPage 4-12% Bis-Tris gel (Invitrogen). Proteins were transferred onto polyvinylidene fluoride (PDVF) membranes (Invitrogen) using the iBlot2 dry blotting system (Invitrogen). The membranes were blocked with blocking buffer containing 5% nonfat dry milk in PBS with 0.1% Tween 20 and incubated overnight with primary antibodies against PI3K p110 alpha (Cell Signaling Technology), pan-AKT (Cell Signaling Technology), pAKT S473 (Cell Signaling Technology), and pAKT T308 (Abcam). The secondary antibodies, goat anti-mouse and goat antirabbit antibodies conjugated with horseradish peroxidase label (ThermoFisher), were diluted at 1:1000, and the membranes were incubated for 1 hour at room temperature. Finally, the immunoreactive bands were scanned and analyzed using a gel imaging system (Bio-Rad, Philadelphia, PA). GAPDH was used as an internal control.
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Immunoprecipitation Cells in 10-cm plates were washed with ice-cold PBS and lysed in immunoprecipitation lysis buffer (Abcam) and 10% NP-40 (ThermoFisher) with Complete Protease Inhibitor Cocktail tablets (Sigma-Aldrich). The lysates were precleared with protein G-agarose beads (Sigma-Aldrich) for 0.5 hours and then separately incubated with anti-IRS-1 antibody (Cell Signaling) and anti-HA antibody (BioLegend, San Diego, CA, USA) for 3 hours at 4 °C, followed by the addition of protein G-agarose beads. Immunoblotting was performed as described in the western blot analysis methods.
Subcutaneous tumorigenesis in NSG mice
All animal studies were performed in accordance with protocols approved by the Animal Care and Use Committee of Ninth People's Hospital, Shanghai Jiaotong University, School of Medicine. Briefly, 6-8-weekold male NSG mice were subcutaneously injected with 5×10
6 UM-HMC1 cells in the left flank. All mice with a tumor size of approximately 100 mm 3 were randomized into four groups (five animals in each group): saline (control), LB100 treatment, cisplatin treatment and combination treatment. LB100 and cisplatin were injected intraperitoneally (i.p.) at 1.5 mg/kg and 2.5 mg/kg, respectively, every 4 days. Tumor size was monitored every 4 days according to the length×width 2 /2. The mice were sacrificed when the tumor size reached 1000 mm 3 , and xenografts were fixed with 3.7% buffered formalin solution for histological analysis.
Statistical analysis
The correlation of PP2A expression with clinicopathologic parameters in patients with MEC was evaluated using the chi-square test with the SPSS software program (version 17.0; IBM Corporation). Cell size was quantified using the Image-Pro Plus software (version 7.0, MEDIA CYBERNETICS). Western blot densitometry analysis was performed using ImageJ. Other graphical representations and statistical analyses were performed using GraphPad Prism 6. The results were analyzed using Student's t-test to compare the means between two groups and an ANOVA to compare the means among three or more groups. The data are expressed as the means ± SEM. A value of p<0.05 was considered statistically significant.
Results
Correlations between PP2A expression and clinical parameters in patients with mucoepidermoid carcinoma
To illustrate the expression pattern of PP2A in mucoepidermoid carcinoma, immunohistochemical analysis was performed to identify PP2A expression in mucoepidermoid carcinoma tissue and normal salivary gland tissue. We found that the expression of PP2A was pronouncedly elevated in high-grade mucoepidermoid carcinoma tissue (n=21) compared with low-/medium-grade tumor tissue (n=26) and normal salivary gland tissue (n=15) (Fig. 1B) . Representative staining of PP2A expression in normal salivary gland tissue, low-/medium-grade and high-grade mucoepidermoid carcinoma tissue is shown in Fig. 1A .
To determine the clinical significance of PP2A expression in mucoepidermoid carcinoma, the chi-square test was used to assess the relationships between PP2A expression and the corresponding clinicopathologic parameters of the patient, including age, sex, and tumor location, size, T classification, lymph node metastasis, perineural invasion, histological grade and recurrence. The results showed that PP2A expression was significantly correlated with tumor location (p=0.033), tumor size (p=0.049), T classification (p=0.013) and histological grade (p=0.002) ( Table 1) . Taken together, the above data suggest that upregulated PP2A predicts a high histological grade and might contribute to tumor progression in mucoepidermoid carcinoma. The CCK8 assay showed dose-dependent inhibition of cell growth in all the cell lines. The 50% inhibitory concentration (IC50) of LB100 was 4.0, 13.5, and 14.8 μM for UM-HMC1, UM-HMC 3A and UM-HMC 3B cells, respectively ( Fig. 2A) . Compared to the controls, cells exposed to relatively high LB100 concentrations underwent dramatic morphological changes, such as a decrease in cell size and an increased nucleus/plasma ratio (Fig. 2B) .
Metabolic disorders and reprogramming could be one of the causes of chemo-sensitivity and can explain how PP2A plays an essential role in metabolism [27] . Therefore, we quantified the glycolytic activity and mitochondrial respiratory capacity using a Seahorse XF96 instrument (Fig. 2C) . After incubating the cells with LB100 at 10 μM for 4 hours, the UM-HMC1 and UM-HMC 3A cell lines both displayed significantly decreased glycolytic activity compared with the control groups (p<0.05). Moreover, PP2A inhibition enhanced mitochondrial respiration in UM-HMC 1 and UM-HMC 3A cells; however, these differences were not statistically significant (p>0.05). In summary, our findings suggest that PP2A plays an important role in metabolic reprogramming in MEC cells. 
LB100 enhanced the effects of chemotherapy in MEC tumor cells in vitro
We next examined whether PP2A inhibition by LB100 enhances the sensitivity of MEC tumor cells to cisplatin. The results of pretreating with LB100 showed a reduction in the IC50 from 2.848 μg/ml to 1.834 μg/ml for UM-HMC1 cells, from 3.791 μg/ml to 1.76 μg/ ml for UM-HMC3A cells, and from 2.795 μg/ml to 0.4692 μg/ml for UM-HMC3B cells (Fig.  3A) . We then explored the effect of LB100 in combination with cisplatin on viability. The CCK8 assay showed that the viability of the MEC tumor cells was significantly reduced in the combination group compared with the single-treatment groups (Fig. 3B) .
A preclinical study has shown that chemo-reagents such as doxorubicin induce an increase in PP2A activity [21] . Furthermore, in this study, we found that LB100 abrogated the cisplatin-induced augmentation of PP2A activity from 116.7% in the cisplatin-treated group to 84.98% in the combination group compared with the control (p=0.011) (Fig. 3C) .
Mucoepidermoid carcinoma cells are known to metastasize to local lymph nodes [28] , and we used transwell assays to determine the function of LB100 in cell mobility and migration. Migrated cells were stained after treatment. Representative images were obtained at the end of each assay (Fig. 3D) . The results suggested that LB100 combined with cisplatin profoundly impaired the migratory properties of MEC cells and suppressed their ability to invade and metastasize (Fig. 3E) .
Preclinical observations have suggested a mechanism by which PP2A inhibition regulates the cell cycle in cancer cells and increases their vulnerability to the cytotoxicity of chemoreagents [17] . To test this hypothesis, flow cytometry was performed after the treatments to assess the cell distribution in each phase of the cell cycle. As shown in Fig. 3F and 3G, LB100 alone resulted in an increase in the G2/M phase compared with the control cells. Additionally, following treatment with the LB100 and cisplatin combination, the proportion 
μg/ml). (C)
PP2A activity was assessed after the treatment.
(D) Transwell assays were performed in mucoepidermoid carcinoma cell lines after treatments. Cells were treated as follows: control, LB100 (5 μM), cisplatin (2.5 μg/ ml) and LB100 plus cisplatin at the same c o n c e n t ra t i o n s . R e p r e s e n t a t i v e images in each treatment group were obtained at the end of the assays. (Fig. 3G) . Taken altogether, these results suggest that PP2A inhibition by LB100 is a potential strategy for chemosensitization.
LB100 increased phosphoserine in IRS-1 and blocked the PI3K/AKT signaling pathway
Previous work has shown that PP2A inhibition can increase the serine/threonine phosphorylation of IRS-1, which modulates signal transduction in the insulin signaling pathway [29] . To test the effect of LB100 in the insulin-stimulated UM-HMC 1 cell line, immunoprecipitation with an anti-IRS-1 antibody followed by immunoblotting with an anti-phosphoserine antibody was performed. The results showed that LB100 increased phosphorylation at serine residues of IRS-1 in a dose-dependent manner after incubation with LB100 for 4 hours (Fig. 4A) . To further confirm the mechanism involved in PP2A inhibition, targets in the PI3K/AKT pathway were also tested. The expression of PI3K p110 alpha was significantly reduced following treatment with 10 μM and 20 μM LB100. No significant change was observed in the expression of pan-AKT. However, there was a dose-dependent decrease in the phosphorylation of Ser473 and Thr308 residues in AKT (Fig. 4B) . To further assess the inhibition of PP2A by LB100 upon insulin stimulation, cells were subjected to insulin deprivation overnight and then exposed to insulin, alone or in combination with LB100 (10 μM). We found that the effect of insulin on AKT phosphorylation was partially compromised by PP2A inhibition. Similar results were obtained when assessing the protein level of PI3K p110 alpha (Fig. 4C) . Similar results were also demonstrated in the UM-HMC3A cell line (Fig. 4F) .
PP2A physiologically interacted with IRS-1 and the overexpression of PP2A decreased phosphoserine in IRS-1
To investigate the mechanism by which PP2A regulates IRS-1, we examined via coimmunoprecipitation whether PP2A could physically interact with IRS-1. UM-HMC1 cells were transfected with an expression vector containing PPP2R2A (HA-PPP2R2A), one PP2A regulatory subunit, or an empty vector. Cell lysates were then subjected to immunoprecipitation with an anti-HA-tag antibody followed by immunoblotting with an anti-IRS-1 antibody. The results suggested that PPP2R2A directly interacted with IRS-1 (Fig.  4D ). In addition, the overexpression of PPP2R2A decreased phosphoserine in IRS-1 (Fig. 4E) . A schematic of this proposed mechanism is presented in Fig. 4G .
LB100 enhanced the cytotoxicity effects of cisplatin in a mucoepidermoid carcinoma xenograft model
To confirm the chemosensitizing effect of LB100 in vivo, an MEC xenograft model was established by subcutaneously injecting UM-HMC1 cells into the right flank of 5-6-week-old NSG mice. The mice with a tumor burden (greater than 100 mm 3 ) were randomized into four groups: control, LB100, cisplatin, and LB100 plus cisplatin. The treatment schedule is indicated in Fig. 5A . All the tumors grew slowly at first. However, at day 28, the combination of LB100 and cisplatin significantly decreased the tumor burden compared with the cisplatin-treated group (p<0.05) (Fig. 5B) . In the xenograft tumors, there were intermediate cells and mucin-producing cells, which displayed the classical histopathological patterns of mucoepidermoid carcinoma (Fig. 5C ). In the control group, significant nodular invasion with perivascular involvement was observed (black arrow). In both the LB100 and the cisplatin monotherapy groups, the tumors were circumscribed with a relatively clear border, but these tumors exhibited remarkable invasion around the border. A clear infiltration of tumor cells into the muscle (blue circle) was observed in the cisplatin group. In the combination group, however, the tumors were well circumscribed with no invasion. Additionally, we observed significant necrosis in both the LB100 and the LB100 plus cisplatin groups (black circle) (Fig. 5D ).
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Discussion
Cisplatin combination chemotherapy is a common practice in the treatment of a broad spectrum of refractory cancers. Efforts have been made to enhance the effectiveness of chemotherapy in mucoepidermoid carcinoma. However, the combination of cisplatin with mitomycin-C, adriamycin [30] , paclitaxel [31] , and vinorelbine [32] demonstrated only a modest response in clinical trials, albeit in a small series of patients. Therefore, novel therapeutic strategies are urgently needed to enhance the effectiveness of chemotherapy regimens against mucoepidermoid carcinoma. Exploiting molecularly specific pharmacologic interventions has achieved eradication in a broad range of cancers. Preclinical studies have shown that the inhibition of PP2A by a novel small molecule compound, LB100, enhances the antineoplastic activity of a variety of rationally designed anticancer agents via multiple mechanisms without significantly enhancing their toxicity [33] . To the best of our knowledge, this is the first report to demonstrate PP2A inhibition as a new therapeutic approach to enhancing the efficacy of cisplatin against mucoepidermoid carcinoma salivary gland tumors. , cisplatin and LB100 plus cisplatin. The control group showed significant nodular invasion with perivascular involvement (black arrow). The cisplatin-treated group showed the infiltration of tumor cells into the muscle (blue circle). The LB100 and the LB100 plus cisplatin-treated groups showed significant necrosis within a relatively well-circumscribed border (black circle). Scale bar: 60 μm.
It has been conclusively shown that PP2A inhibition in tumor cells leads to a downregulation of the DNA-damage response [15, 18, 34] and the abrogation of cell cycle checkpoints to achieve preferential killing [15, 34, 35] . Consistent with those findings, we have shown that LB100 inhibited proliferation and induced a G2/M arrest in MEC cells.
The specificity and kinetics of the PP2A inhibitor LB100 regarding the inhibition of the Ser/Thr phosphatase activity of PP2A were determined in a recent report using the catalytic subunit of recombinant human PP2A and a phosphopeptide (K-R-pT-I-R-R) as a substrate [36] . Compared with multiple kinases, relatively few protein serine/threonine phosphatases (PSPs) control the specific dephosphorylation of thousands of phosphoprotein substrates. Thus, the mild inhibition of PP2A activity by LB100 even at 5 µM caused severe inhibition and altered cell viability/proliferation in the present work.
A previous study has demonstrated that PP2A inhibition also re-established the metabolic profile of Treg cells in PP2A flox mice [37] . These authors showed that the transgenic knockdown of PP2A resulted in augmented glycolytic activity and mitochondrial respiratory capacity in the PP2A flox Tregs. However, in the MEC cell lines, the pharmacologic inhibition of PP2A with LB100 decreased the glycolytic rate and increased the oxidative phosphorylation rate. These discrepancies may be ascribed to the in vitro environment in this study, which involved an insulin stimulus and may have influenced the pharmacokinetics of LB100 and the cellular response. We also observed that LB100 alone showed limited utility with an IC50 >10 μM in 2 out of 3 MEC cell lines. A plasma concentration of LB100 >10 μM was unachievable, even with the acceptable toxicity dosage of 1.5 mg/kg in vivo, according to the pharmacokinetics study [34] .
We further confirmed the effectiveness of LB100 in combination with cisplatin against mucoepidermoid carcinoma both in vitro and in vivo. This concept is based on the hypothesis that the selective killing of cancer cells by nonspecific cytotoxic drugs is achieved through the use of one drug at a dose that is sufficient to induce growth arrest but not cell death in the normal cell population, followed by a second drug that is incapable of fatally damaging the normal cells but is capable of killing the cancer cell population remaining in the cell cycle due to defects in checkpoint control [38] . Therefore, a combination treatment of LB100 and cisplatin could be a promising strategy against mucoepidermoid carcinoma. Consistent with earlier reports in other cancers, we demonstrated that PP2A inhibition in combination with cisplatin resulted in cell growth arrest, the deactivation of the G2/M checkpoint and the suppression of the motility and migration of MEC cells.
The activated PI3K/AKT pathway has been implicated in the process of tumorigenesis and malignant transformation [39] . Hyperphosphorylated AKT has been reported in many different types of salivary gland tumors, including mucoepidermoid carcinoma [40, 41] . Therefore, we hypothesized that the dephosphorylation of AKT could be another mechanism of LB100 action. Our experimental findings confirmed that PP2A inhibition by LB100 decreased the phosphorylation of AKT at Thr308 and Ser473, indicating deactivated AKT signaling. However, in certain cancer cell lines, PP2A inhibition can also result in enhanced AKT phosphorylation [19, 21] . As a serine/threonine phosphatase, PP2A is known to dephosphorylate the phosphorylation sites of proteins. The most likely explanation for this discrepancy is that upstream targets of AKT are prioritized for phosphorylation in response to insulin. We demonstrated that PP2A inhibition by LB100 increased IRS-1 serine phosphorylation in response to an insulin stimulus. Interestingly, we also showed a decrease in the expression of PI3K p110α. A prior study has demonstrated that the absence of PI3K p110α results in a dramatic decrease in insulin-stimulated PI3K activity and attenuates the phosphorylation of AKT at Thr308 and Ser473 [42] . However, the mechanism by which PP2A inhibition decreases PI3K p110α expression is not completely understood. Elevated IRS-1 serine phosphorylation and reduced PI3K activity are all mechanisms that lead to a reduction in AKT phosphorylation. In summary, our findings extend the current understanding of the molecular mechanisms that determine the vulnerability of MEC cells to PP2A inhibition through compromised AKT-associated phosphorylation. 
Conclusion
The findings presented herein provide convincing proof-of-concept evidence that a pharmacological inhibitor of PP2A shows promising translational potential and achieves better cytotoxic effects when combined with cisplatin for the treatment of mucoepidermoid carcinoma, at least in part by suppressing the PI3K/AKT pathway. This treatment approach warrants further investigation in prospective clinical trials.
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